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ABSTRACT 



A projection television comprises a projection screen formed 
by a three dimensional hologram disposed on a film sub- 
strate. A projection tube has an optical path in a substantially 
orthogonal orientation with the screen and two other pro- 
jection tubes have respective optical paths converging 
toward the first optical path at angles of incidence cl The 
hologram has a configuration effective for reducing color 
shift in the displayed images. The screen has a color shift 
less than or equal to approximately 5 for all angles a, where 
0°<a§30°, as determined by the maximum value obtained 
from at least one of the following expressions: 

( red{0) \ 
C(0) = 20-Iogio ; and, 



C(0)^2O-lo gl 



/ green(9) \ 

\ biut{B) y 



where 6 is any angle within a range horizontal viewing 
angles, C(0) is the color shift at angle 0, red(8) is the red 
luminance level at angle 6, blue(8) is the blue luminance 
level at angle 8 and green(0) is the green luminance level at 
angle 6. 

24 Claims, 1 Drawing Sheet 
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PROJECTION TELEVISIONS WITH THREE require that the color shift be somewhat higher than 5, 

DIMENSIONAL HOLOGRAPHIC SCREENS although such color shift performance is not desirable and 

usually results in a perceptibly inferior picture with poor 

BACKGROUND OF THE INVENTION white uniformity. 

1. Field of the Invention 5 Screens for projection television receivers are generally 
™. . t . l4 11 . *u « u c • manufactured by an extrusion process utilizing one or more 
■mis invention relates generally to the field of projection ^ ro , lers t0 sh ^ of a ^ herm lastic 

television receivers, and m particular, to projection televi- shee , material The conflgwation is generaUy ao of 

sion receivers having screens providing sjgmficantly lemjcular ele alsQ referred tQ as lenticuks and ^ 

reduced color sh.fi and/or significantly reduced cabinet ^ lels . The lenticular elements may be formed on one or both 

' t sides of the same sheet material or on one side only of 

2. Description of Related Art different sheets which can then be permanently combined as 
Color shift is defined as the change in the red/blue or a laminated unit or otherwise mounted adjacent to one 

green/blue ratio of a white image formed at the center of a another so as to function as a laminated unit. In many 

projection screen by projected images from red, green and 15 designs, one of the surfaces of the screen is configured as a 

blue projection tubes, when viewed at different angles in the Fresnel lens to provide light diffusion. Prior art efforts to 

horizontal plane, by observations made at the peak bright- reduce color shift and improve white uniformity have 

ness vertical viewing angle. focused exclusively on two aspects of the screen. One aspect 

The color shift problem is caused by the need for at least is the shape and disposition of the lenticular elements. The 

three image projectors for respective images of different 20 other aspect is the extent to which the screen material, or 

colors, for example, red, blue and green. A projection screen portions thereof, are doped with light diffusing particles to 

receives images from the at least three projectors on a first control light diffusion. These efforts are exemplified by the 

side and displays the images on a second side with con- following patent documents. 

trolled light dispersion of all the displayed images. One of In U.S. Pat. Nos. 4,432,010 and 4,536,056, a projection 
the projectors, usually green and usually in the center of an 25 screen includes a light-transmitting lenticular sheet having 
array of projectors, has a first optical path in a substantially an input surface and an exit surface. The input surface is 
orthogonal orientation with the screen. At least two of the characterized by horizontally diffusing lenticular profiles 
projectors, usually red and blue and usually positioned on having a ratio of a lenticulated depth Xv to a close-axis- 
opposite sides of the central green projector in the array, curvature radius Rl(Xv/Rl) which is within the range of 0.5 
have respective optical paths converging toward the first 30 to 1.8. The profiles are elongated along the optical axis and 
optical path in a non orthogonal orientation defining angles form aspherical input lenticular lenses, 
of incidence. Color shift results from the non orthogonal The use of a screen with a double sided lenticular lens is 
relationship of the red and blue projectors, relative to the common. Such a screen has cylindrical entrance lenticular 
screen and to the green projector. As a result of the color elements on an entrance surface of the screen, cylindrical 
shift, color tones may differ at every position on the screen, 35 lenticular elements formed on an exit surface of the screen 
The condition in which the color tone difference is large is and a light absorbing layer formed at the light non conver- 
ofien referred to as poor white uniformity. The smaller the gent part of the exit surface. The entrance and the exit 
color shift, the better the white uniformity. lenticular elements each have the shape of a circle, ellipse or 

Color shift is denoted by a scale of numbers, in which hyperbola represented by the following equation (III): 
lower numbers indicate less color shift and better white 40 

uniformity. In accordance with a common procedure, values c* 2 (in) 

for the red, green and blue luminance are measured at the z ^ = r 

screen center from a variety of horizontal viewing angles, 1 + [1 - (K + l)C?x 2 ]z 
typically from at least about -40° to +40°, to as much as 

about -60° to +60°, in 5° or 10° increments. The positive 45 wherein C is a main curvature and K is a conic constant, 

and negative angles represent horizontal viewing angles to Alternatively, the lenslets have a curve to which a term with 

the right and left of screen center, respectively. These a higher order than 2nd order has been added, 

measurements are taken at the peak vertical viewing angle. i n screens making use of such a double sided lenticular 

The red, green and blue data is normalized to unity at 0°. i ens? it has been propose d to specify the position relationship 

One or both of the following equations (I) and (II) are 50 between the entrance lens and exit lens, or the lenticular 

evaluated at each angle: elements forming the lenses. It has been taught, for example 

in U.S. Pat. No. 4,443,814, to position the entrance lens and 

QQ) = 20 lofr f red ^ \ and, lI) cx * t ^ ens m sucn a wav tnat tne ^ ens surface of one lens is 

\blue(Q))' present at the focal point of the other lens. It has also been 

(green{9)\ (II) 55 tau g Dl > f° r example in JP 58-59436, that the eccentricity of 

C(9) = 20 • iogj 0 [ blue{ ^ \ the entrance lens be substantially equal to a reciprocal of the 

refractive index of the material constituting the lenticular 
lens. It has further been taught, for example in U.S. Pat. No. 

where 0 is any angle within a range horizontal viewing 4,502,755, to combine two sheets of double-sided lenticular 

angles, C(9) is the color shift at angle 0, red(0) is the red so lenses in such a way that the optic axis planes of the 

luminance level at angle 8, blue(0) is the blue luminance respective lenticular lenses are at right angles with respect to 

level at angle 9 and green(6) is the green luminance level at one another, and to form such double sided lenticular lenses 

angle 0. The maximum of these values is the color shift of in such a way that the entrance lens and exit lens at the 

the screen. periphery of one of the lenses are asymmetric with respect 

In general, color shift should be no larger than 5, 65 to the optic axis. It is also taught, in U.S. Pat. No. 4,953,948, 

nominally, on any commercially acceptable screen design. that the position of light convergence only at the valley of an 

Other engineering and design constraints may sometimes entrance lens should be onset toward the viewing side from 
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the surface of an exit lens so that the tolerance for misalign- Corporation never proposed any particular holographic con- 

ment of optic axes and the difference in thickness can be figuration for the volume holographic elements which might 

made larger or the color shift can be made smaller. make up such a holographic projection television screen, 

In addition to the various proposals for decreasing the and never even considered the problem of color shift in 

color shift or white non uniformity, other proposals for 5 projection television screens of any type, holographic or 

improving projection screen performance are directed to otherwise. 

brightening pictures and ensuring appropriate visual fields in Overall, despite years of intensive development to pro- 

both the horizontal and vertical directions. Such techniques vide a projection television receiver having a screen with a 

are not of direct interest and are not described in detail. A color shift less than 5, even significantly less than 5, or 

summary of many such proposals can be found in U.S. Pat. id having a color shift as low as 5 for angles of a even greater 

No. 5,196,960, which itself teaches a double sided lenticular than 10° or 11°, there have been no advances in solving the 

lens sheet comprising an entrance lens layer having an color shift problem other than incremental changes in the 

entrance lens, and an exit lens layer having an exit lens shapes and positions of lenticular elements and diffusers in 

whose lens surface is formed at the light convergent point of conventional projection screens. Moreover, despite sugges- 

the entrance lens, or in the vicinity thereof, wherein the 15 tions that three dimensional holograms might be useful for 

entrance lens layer and the exit lens layer are each formed projection screens, although for reasons having nothing to 

of a substantially transparent thermoplastic resin and at least do with color shift, there has been no effort to provide 

the exit layer contains light diffusing fine particles and projection televisions with three dimensional holographic 

wherein a difference exists in the light diffusion properties screens. A long felt need for a projection television receiver 

between the entrance lens layer and the exit lens layer. A 20 having significantly improved color shift performance, 

plurality of entrance lenses comprise a cylindrical lens. The which can also be built into a significantly smaller cabinet, 

exit lens is formed of a plurality of exit lens layers, each has remained unsatisfied, 
having a lens surface at the light convergent point of each 

lens of the entrance lens layer, or in the vicinity thereof. A SUMMARY OF THE INVENTION 

light absorbing layer is also formed at the light non conver- 25 A jection ^ accordance ^ the 

gent part of the exit lens layer. This screen design * said to emcnts t ht herein ides such a s ^ 

provide sufficient horizontal visual field angle, decreased nificant . ement ^ color smft performance, measured 

color shift and a brighter picture, as well as ease of manu- m ^ of m ^ a rolor &m Qf 2 of ^ can be 

facture by extrusion processes. achieved with projection television receivers having angles 

Despite many years of aggressive developments m pro- 30 ofincidenceainlherangeoflesslhanl0 <>or 11°. Moreover, 

jection screen design, the improvements have been ^ ^ ^ rform f ace ^ so significant that commer . 

incremental, at best. Moreovei , there has been no success in ^ ^ projection televi f ion receivers having 

surpassing certain benchmarks. The angle of incidence angles of mcidence U p to about 30° can be provided, in much 

defined by the geometric arrangement of the image cabm£ts ^ color &m performance of ^ large 

projectors, referred to as angle a herein has generally been 35 a Je receivers fe at kast ag d ^ conventional smaU a 

limited to the range of greater than 0 and less than or equal ^ for k havm a ^ ^ of ^ 

to about 10 or 11 . Tie size of the image projectors makes can be ed to ch Qf eyen feach yalues ^ low as 

angles of a close to 0 essentially impossible. In the range , « _ • „ ,„„ u «.™„_re 

~ i ( t *u u /mo ii o , u u . 1 about 2, as in the small a angle receivers, 

of the angles of a less than about 10 or 11 , the best color m , , ~~ „ , , , 

shift performance which has been achieved is about 5, as 40 T*** «; su * are achieved by forsaking the extruded lens 

determined in accordance with equations (I) and (II). In the screen technology altogether. Instead, a projection television 

range of the angles of a greater than about 10° or 11°, the receiV€ * in accordance with an inventive arrangement has a 

best color shift performance which has been achieved is not screen formed r b ? a three dimensional hologram formed on 

commercially acceptable. In fact, projection television a substrate, for example, a polyethylene film, such as 

receivers having angles of a greater than 10° or 11° are not 45 Mylar®. 

known. Such a three dimensional holographic screen was origi- 
Small angles of a have a significant and undesirable nally developed for its expected advantages in terms of 
consequence, namely the very large cabinet depth needed to higher brightness and resolution, and lower manufacturing 
house a projection television receiver. The large depth is a cost, lower weight and resistance to abrasion to which 
direct result of the need to accommodate optical paths 50 two-piece screens are subjected, for example during ship- 
having small angles of incidence (a). Techniques for reduc- ping* The discovery of the color shift performance of the 
ing the size of projection television cabinets generally rely ihree dimensional holographic screen came about when 
on arrangements of mirrors. Such efforts are also ultimately testing to determine if the optical properties of the three 
limited by the small range of angles of incidence. dimensional screen would be at least as good as a conven- 
Polaroid Corporation sells a photo polymer designated 55 tional screen. The color shift performance of the three 
DMP-128®, which Polaroid Corporation can manufacture dimensional holographic screen, as measured by equations 
as a three dimensional hologram, using proprietary pro- (0 and (II), was so unexpectedly low as to be shocking. The 
cesses. The holographic manufacturing process is described, barriers which limited prior art improvements to incremental 
in part, in U.S. Pat. No. 5,576,853. A three dimensional steps had been eliminated altogether. Moreover, smaller 
holographic screen for a projection television was proposed 60 cabinets with projection geometry characterized by larger a 
by Polaroid Corporation, as one of many suggestions made angles of incidence can now be developed, 
during efforts to establish a market for the DMP-128® photo A projection television having the unexpected properties 
polymer holographic product. The proposal was based on associated with three dimensional holographic screens, and 
advantages which Polaroid Corporation expected in terms of in accordance with the inventive arrangements taught 
higher brightness and resolution, lower manufacturing cost, 65 herein, comprises: at least three image projectors for respec- 
lower weight, and resistance to the abrasion to which five images of different colors; a projection screen formed by 
two-piece screens are subjected during shipping. Polaroid a three dimensional hologram disposed on a substrate, the 
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screen receiving images from the projectors on a first side respectively. The cathode ray tubes are provided with 
and displaying the images on a second side with controlled respective lenses 15, 17 and 19. The projected images are 
light dispersion of all the displayed images; one of the reflected by a mirror 20 onto a projection screen 22. Addi- 
projectors having a first optical path in a substantially tional mirrors can also be utilized, depending on the par- 
orthogonal orientation with the screen and at least two of the 5 ticular geometry of the optical paths or axes. The green 
projectors having respective optical paths converging cathode ray tube 16 projects the green image along an 
toward the first optical path in a non orthogonal orientation optical path axis 32, which has a substantially orthogonal 
defining angles of incidence; and, the three dimensional orientation with screen 22. In other words, the optical path 
hologram having a configuration effective for reducing color axis is at right angles to the screen. The red and blue cathode 
shift in the displayed images, the screen having a color shift id ray tubes have respective optical paths axis 34 and 36, which 
less than or equal to approximately 5 for all the angles of converge toward the first optical path axis 32 in a non 
incidence in a range greater than 0° and less than or equal to orthogonal orientation defining angles of incidence a. The 
approximately 30°, as determined by the maximum value angles of incidence introduce the problem of color shift, 
obtained from at least one of the following expressions: xhe screen 22 comprises a three dimensional hologram 26 

15 disposed on a substrate 24. The screen receives images from 

on , ( red ^ ) * the projectors on a first, entrance surface side 28 and 

CtfO = 20-log, o Land, , . • , <* • , 

^ v \biue(9)) displays the images on a second, exit surface side 30, with 

rgreen(9)\ controlled light dispersion of all the displayed images. The 

C{9) - 20-log,^ blue ^ y substrate is preferably a highly durable, transparent, water- 

20 repellent film, such as a polyethylene terephthalate resin 

film. One such film is available from E. I. du Pont de 

where 8 is any angle within a range horizontal viewing Nemours & Co. under the trademark Mylar®. The film 

angles, C(9) is the color shift at angle e, red(6) is the red substrate has a thickness in the range of about 1-10 mils, 

luminance level at angle 6, blue(0) is the blue luminance equivalent to about 0.001-0.01 inches or about 25.4-254 

level at angle 6 and green(6) is the green luminance level at 25 m i cr ons. A film having a thickness of about 7 mils has been 

angle 6. The color shift of the screen can be expected to be f 0UD d t0 provide adequate support for the three dimensional 

less than 5, for example, less than or equal to approximately hologram disposed thereon. The thickness of the film does 

4, 3 or even 2. not a fj ect screen performance in general or color shift 

In terms of the known barrier at an angle of incidence of performance in particular, and films of different thickness 

about 10° or 11°, the color shift of the screen is less than or 30 may be utilized. The three dimensional hologram 26 has a 

equal to approximately 2 for all the angles of incidence in a thickness of not more than approximately 20 microns, 

first subrange of angles of incidence greater than 0° and less ^ dimensional holographic scree n S are available from 

thanorequaltoapproxima^ at ^ ^ polaroid c ration utilizes a 

screen is less than or equal to approximately 5 for all the rieta wet chemical ^ t0 form three dimensioDal 

angles of mcidence in a second subrange of angles of 35 holograms in its DM P- 128 photo polymer material, 

incidence greater than approximately 10 and less than or . , ,,. ,, , 

equal to approximately 30°. A P referred embodiment of the three dimensional holo- 

The screen further comprises a light transmissive rein- § ra P h .|f f reens , used < he projection television receivers 

forcing member, for example, of an acrylic material in a described and claimed herein were mamifactured by the 

layer having a thickness in the range of approximately 2-4 40 ?ol ™ d Corporation wet chemical process, in accordance 

mm. The substrate comprises a highly durable, transparent, w,lh * e f°"°™ng performance specifications: 
water-repellent film, such as a polyethylene terephthalate 

resin film. The substrate can be a film having a thickness in 

the range of about 1-10 mils. A thickness of about 7 mils has Horizontal half viewing angle : 38° ± 3°, 

been found to provide adequate support for the three dimen- 45 vertical half viewing angle : io° ± r, 

sional hologram. The thickness of the film is not related to Screen gain : ^8, 

performance. The three dimensional hologram has a thick- Color shift : ^3, 

ness in the range of not more than approximately 20 

microns. where the horizontal and vertical viewing angles are mea- 

The projection television may further comprise one or 50 sured conventionally, screen gain is the quotient of light 

more mirrors between the image projectors and the screen. intensity directed from the source toward the rear of the 

viewing surface, and light intensity from the front of the 

BRIEF DESCRIPTION OF THE DRAWINGS viewing surface toward the viewer, measured orthogonal to 

FIG. 1 is a diagrammatic representation of a projection the and color shift is ™ asured ™ described above. 

television in accordance with the inventive arrangements 55 ^ extraordinary color shift performance of the three 

taught herein dimensional holographic projection screen was, as explained 

* . , „ . , . . in the Summary of the Invention, wholly unexpected. 

FIG. 2 is a simplified diagram of projection television CTr ~ . . vc , . /i - j- 

- ic r i • ■ - r . FIG. 2 is a simplified projection television diagram, 

geometry useful for explaining the inventive arrangements. omiuing ^ minor ^ ^ for explaining mtal A iBl 

FIG. 3 is a side elevation of a reinforced projection screen 6B performance. The optical axes 34 and 36 of the red and blue 

according to the inventive arrangements. cathode ray tubes 14 and 18 are aligned symmetrically at 

DETAILED DESCRIPTION OF THE ° f a fj^ 10 ?? 0ptical a fL 32 ° f 

PREFERRED EMBODIMENTS ,h f . 8ree P T ra J K tub f 71,6 T™ ° ^ 

cabinet is determined by the distance between the screen 22 

A projection television receiver 10 is illustrated diagram- 65 and the rear edges of the cathode ray tubes. It will be 

matically in FIG. 1. An array 12 of projection cathode ray appreciated that as the angle a becomes smaller, the cathode 

tubes 14, 16 and 18 provide red, green and blue images tubes move closer together, and must be spaced further from 
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the screen to avoid hitting one another. At a sufficiently said three dimensional hologram representing a three 
small angle a, such interference cannot be avoided. This dimensional array of lenticular elements having a con- 
undesirably increases the minimum depth D of a cabinet. figuration effective for reducing color shift in said 
Conversely, as the angle a gets larger, the cathode ray tubes displayed images, said screen having a color shift less 
can be moved closer to the screen 22, reducing the minimum 5 than or equal to approximately 5 for all said angles of 
depth D of a cabinet. incidence in a range greater than 0° and less than or 
On the viewing side of the screen 22, two horizontal half equal to approximately 30°, as determined by the 
viewing angles are designated -p and +p. Together, a total maximum value obtained from at least one of the 
horizontal viewing angle of 2(3 is defined. The half viewing following expressions: 
angles may typically range from ±40° to ±60°. Within each 10 

half angle are a plurality of specific angles 6, at which color ce -20 lo { red ^ )■ and 

shift can be measured and determined, in accordance with °^\biue{9)y 811 ' 

equations (I) and (II) explained above. rgreen(9)\ 

In terms of the known barrier at an angle of incidence of c $) = 20 ■ * oglQ ( uue{&) y 

about 10° or 11°, the color shift of the three dimensional l5 
holographic screen is less than or equal to approximately 2 

for all the angles of incidence in a first subrange of angles where 9 is any angle within a range horizontal viewing 

of incidence greater than 0° and less than or equal to angles, C(6) is the color shift at angle 6, red(6) is the red 

approximately 10°; and, the color shift of the screen is less luminance level at angle 0, blue(6) is the blue luminance 

than or equal to approximately 5 for all the angles of 20 lcvel at an S le 6 and g rcen ( 9 ) ^ the green luminance level at 

incidence in a second subrange of angles of incidence an §^ e ^?' . - . . - , 

greater than approximately 10° and less than or equal to J 2 ' ™ e Projection te evision of claim 1, wherein the color 

approximately 30°. It is expected that a color shift of less ° f s * d XI f en * . less ^ than or e 1 ual t0 a PP™ atel y 4 

Z , : ■ * i o * *i_ ix i i_ for all said angles of incidence. 

than or equal to approximately 2, as in the first subrange, can a ™ . . , . . c , . - u . . , , 

. , n ,. ,K *V, , . n * * 3. The projection television of claim 1, wherem the color 

also be achieved in the second subrange of larger angles of 25 &m of ^ screen {s lesg ^ Qr equaI tQ approximatelv 3 

incidence. for all ^ of incidence . 

With reference to FIG. 3, the substrate 24 comprises a 4 ^ projection television of claim 1, wherem the color 

transparent film, such as Mylar®, as described above. The shifl of said screen is less ^ or equal to approximately 2 

photo polymer material from which the three dimensional f or a u sa id ang i es 0 f incidence, 

hologram 26 is formed is supported on the film layer 24. A 30 5, Th e projection television of claim 1, wherein: 

suitable photo polymer material is DMP-128®. the co i or snift of ^id screen is less than or equal to 

The screen 22 may further comprise a light transmissive approximately 2 for all said angles of incidence in a 

reinforcing member 38, for example, of an acrylic material, first subrange of angles of incidence greater than 0° and 

such as polymethylmethacrylate (PMMA). Polycarbonate less than or equal to approximately 10°; and, 

materials can also be used. The reinforcing member 38 is 35 the color shift of said screen is less than or equal to 

presently a layer having a thickness in the range of approxi- approximately 5 for all said angles of incidence in a 

mately 2-4 mm. The screen 22 and the reinforcing member second subrange of angles of incidence greater than 

are adhered to one another throughout the mutual boundary approximately 10° and less than or equal to approxi - 

40 of the holographic layer 26 and the reinforcing member mately 30°. 

38. Adhesive, radiation and/or thermal bonding techniques 40 6 - The projection television of claim 1, wherein said 

may be utilized. The surface 42 of the reinforcing layer may screen further comprises a light transmissive reinforcing 

also be treated, for example by one or more of the following: member. 

tinting, anti-glare coatings and anti-scratch coatings. 1 - ^ Projection television of claim 6, wherein said 
Various surfaces of the screen and/or its constituent layers * creerj further comprises an acrylic, light transmissive rein- 
may be provided with other optical lenses or lenticular for cmg member. 

arrays to control aspects of the projection screen bearing on * ™ c P r0 J cctl0n tc }* y ™ 0 " of u f aun X > wherein said 
performance characteristics other than color shift fto*"*™ * transparent, water- 
performance ,,as is known to do with conventional i projection re P e ™ e ? ojection television of claim g wherein said 
screens, without impairing the improved color shift perfor- substrate comprises a polyethylene terephthalate resin film, 
mance of the three dimensional holographic projection 50 10 ^ jection television of daim 8j wherem said 
screen 

„ ' . , . , . substrate comprises a film having a thickness in the ranee of 

What is claimed is: approximately 1-10 mils. 

1. A projection television, composing: u ^ projectioQ {clcvisioQ of claim 1? wherein said 

at least three image projectors for respective images of three dimensional hologram comprises a photo polymer 

different colors; 55 mater i a l disposed on said substrate, 

a projection screen formed by a three dimensional holo- 12. The projection television of claim 6, wherein said 

gram disposed on a substrate, said screen receiving three dimensional hologram comprises a photo polymer 

images from said projectors on a first side and display- material disposed on said substrate. 

ing said images on a second side, said three dimen- 13, The projection television of claim 7, wherein said 

sional hologram providing controlled light dispersion 60 three dimensional hologram comprises a photo polymer 

of all said displayed images; material disposed on said substrate, 

one of said projectors having a first optical axis in a 14. The projection television of claim 8, wherein said 

substantially orthogonal orientation with said screen three dimensional hologram comprises a photo polymer 

and at least two of said projectors having respective material disposed on said substrate, 

optical axes converging toward said first optical axis in 65 15. The projection television of claim 9, wherein said 

a non orthogonal orientation defining angles of inci- three dimensional hologram comprises a photo polymer 

dence (a); and, material disposed on said substrate. 
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16. The projection television of claim 10, wherein said 
three dimensional hologram comprises a photo polymer 
material disposed on said substrate. 

17. The projection television of claim 1, further compris- 
ing a mirror between said image projectors and said screen. 

18. The projection television of claim 1, in which said 
three-dimensional hologram has the following performance 
specifications: 



Horizontal half viewing angle : 38° ± 3° 

Vertical half viewing aDgle : 10° ± 1° 

Screen gain : =8 

Color shift : ^3. 



15 



25 



19. A projection television, comprising: 

at least three image projectors for respective images of 
different colors; 

a projection screen formed by one three dimensional 
hologram disposed on a substrate, said screen receiving 
images from said projectors on a first side and display- 
ing said images on a second side, said three dimen- 
sional hologram providing controlled light dispersion 
of all said respective images of different colors from 
said at least three image projectors; 

one of said projectors having a first optical axis in a 
substantially orthogonal orientation with said screen 
and at least two of said projectors having respective 3Q 
optical axes converging toward said first optical axis in 
a non orthogonal orientation defining angles of inci- 
dence (a); and, 

said three dimensional hologram having a configuration 
effective for reducing color shift in all of said displayed 35 
images of different colors, said screen having a color 
shift less than or equal to approximately 5 for all said 
angles of incidence in a range greater than 0° and less 
than or equal to approximately 30°, as determined by 
the maximum value obtained from at least one of the 4 q 
following expressions: 

( red(9) \ 



10 

-continued 

where 9 is any angle within a range horizontal viewing 
angles, C(0) is the color shift at angle 6, red(8) is the red 
luminance level at angle 0, blue(6) is the blue luminance 
level at angle 0 and green(0) is the green luminance level at 
angle 0. 

20. The projection television of claim 19, wherein the 
color shift of said screen is less than or equal to approxi- 
mately 4 for all said angles of incidence. 

21. The projection television of claim 19, wherein the 
color shift of said screen is less than or equal to approxi- 
mately 3 for all said angles of incidence. 

22. The projection television of claim 19, wherein the 
color shift of said screen is less than or equal to approxi- 
mately 2 for all said angles of incidence. 

23. The projection television of claim 19, wherein: 

the color shift of said screen is less than or equal to 
approximately 2 for all said angles of incidence in a 
first subrange of angles of incidence greater than 0° and 
less than or equal to approximately 10°; and, 

the color shift of said screen is less than or equal to 
approximately 5 for all said angles of incidence in a 
second subrange of angles of incidence greater than 
approximately 10° and less than or equal to approxi- 
mately 30°. 

24. The projection television of claim 19, in which said 
three dimensional hologram has the following performance 
specifications: 



Horizontal half viewing angle : 
Vertical half viewing angle : 
Screen gain : 
Color shift : 



38° * 3° 
10° ± 1° 

^3. 
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